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evidence in general, however, supports the ex-
pectation that fields which push the electrons away
from the metal cathode into the germanium produce
larger signals and some extension of the spectral
response. Figure 2 shows some particularly good
data illustrating these field effects.

With the present electroplated tin-on-germanium
specimens, the spectral responses extend to about
3.4 microns. The quantum yields are typically a
few tenths of a percent, and significant improve-
ment in these yields may be anticipated. In prin-’
ciple, potential barriers between solids may be
very small, and thus photoemission at much long-
er wavelengths may be ultimately achieved.
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The metamagnetic properties of the anhydrous
iron group chlorides have been the subject of many
investigations in the past. Recently, several of
these hexagonal layer type compounds were shown
to become antiferromagnetic at low temperatures.!
The magnetic ordering consists of ferromagneti-
cally aligned moments within each hexagonal lay-
er. The antiferromagnetic coupling between adja-
cent layers is relatively weak and as a conse-
quence steep net magnetization curves are ob-
tained even for small external magnetic fields.?
This effect suggests that an enhancement mecha-
nism similar to that found in ferromagnets® might
make it feasible to measure the temperature de-
pendence of the sublattice magnetization in some
of these compounds by nuclear magnetic reso-
nance (NMR) techniques.

In this Letter we wish to report the observation
of the Cr®® NMR in CrCl, in the temperature range
of 1.23°K-4.02°K and zero external field. Results
of precision measurements of the frequency for
resonance are in excellent agreement with the
predictions of simple spin-wave theory for a two-
dimensional ferromagnetic system in the presence
of anisotropy.

CrCl, has a hexagonal unit cell, of space group
D,%, containing 6 molecules.? It exhibits a A-type
specific heat anomaly at 16.8°K® and a magnetic
susceptibility maximum around 20°K. Neutron
diffraction studies® give an ordered structure in
which the axes of magnetization are directed per-
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pendicular to the ¢ axis. Polycrystalline samples
for the present study were prepared by vacuum
sublimation of the dehydrated salt at 700°C. The
nuclear resonance spectra are sensitive to the
crystallographic purity of the samples. Reso-
nances in addition to those reported here were
observed in samples which exhibited a large num-
ber of stacking faults and other imperfections.
The resonance was observed with a frequency-
swept FM marginal oscillator.” As in the case of
ferromagnetic CrBr,,® the spectrum consists of
a well-resolved triplet due to a nuclear electric
quadrupole interaction. From the separation of
the satellites, I=2, and the assumption that the
electric field gradient at the Cr positions has
cylindrical symmetry about the ¢ axis, we obtain
h~'e?q;,Q=0.882+0.010 Mc/sec. The central
component of the spectrum is shifted by the sec-
ond order effect to slightly higher frequency
(~6 kc/sec) relative to the satellites. This shift
agrees in magnitude and direction with the pre-
vious assumptions. :
A comparison of the intensities of the Cr® res-
onances in CrBr,; and CrCl, showed that the en-
hancement factor in these two compounds is of
the same order of magnitude. However, since
the quadrupole splitting in CrCl, is insensitive
to the orientation of the magnetization in the hex-
agonal plane it is not yet certain whether the res-
onance is excited by domain rotation or domain
wall displacement. The observed linewidths are
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FIG. 1. Temperature dependence of the Cr®® NMR
(central component) in CrCl;, in zero external field.
Solid curve shows the best fit to the data by the two-
dimensional spin-wave model.

rather large (~100 kc/sec) and may be caused
by a distribution of magnetic dipole fields result-
ing from imperfect antiferromagnetic order.

In Fig. 1 we show the temperature dependence
of the Cr*®* NMR. If we make the usual assump-
tion that the hyperfine coupling constant does not
depend on temperature the observed frequencies
are proportional to the sublattice magnetization.
The variation of the frequencies is almost linear
in temperature and hence cannot be fitted to a T
departure (Tgg <T <Tjy) or an exponential de-
parture (I'<T4E) predicted for an antiferromag-
net.?> We can account for our observations by as-
suming that the antiferrqomagnetic exchange coup-

ling is sufficiently weak so that its effect can be
included in an effective anisotropy field H4. The
total interaction is then of the form ZJEpairsgi'éj
+EgBHA, where J is the ferromagnetic intralay-
er exchange integral. In the long-wavelength
limit we calculate for the hexagonal net appro-
priate to our case:

V3 BT = 1 ngBH
v(T) =v(0) [1 s > ;exp(— 5T >:|
n=1

A least squares fit of the data to this form gave
v(0) =63.246 Mc/sec (Hnfs=262870 oe), H4 =2700
oe, and J=3.95°K. The root-mean-square devia-
tion (0.011 Mc/sec) of the data points from the
fit is within experimental error. The value of
Hygg is about 10% higher than that reported for
CrBr,, indicating, as expected, a greater delo-
calization of the magnetic electrons in CrBr, than
in CrCl,. The effective anisotropy field of 2700
oe is of the same order as the value of the mag-
netic dipole sum at the Cr sites, suggesting that
the antiferromagnetic interlayer coupling is large-
ly of dipolar origin. This view is also supported
by the large intensity enhancement observed in
this study.
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